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Integrin IIb is a cell adhesion molecule expressed in association with 3 by cells of the megakaryocytic lineage, from
committed progenitors to platelets. While it is clear that lymphohemopoietic cells differentiating along other lineages do
not express this molecule, it has been questioned whether mammalian hemopoietic stem cells (HSC) and various progenitor
cells express it. In this study, we detected IIb expression in midgestation embryo in sites of HSC generation, such as the
yolk sac blood islands and the hemopoietic clusters lining the walls of the major arteries, and in sites of HSC migration,
such as the fetal liver. Since c-Kit, which plays an essential role in the early stages of hemopoiesis, is expressed by HSC, we
studied the expression of the IIb antigen in the c-Kit-positive population from fetal liver and adult bone marrow
differentiating in vitro and in vivo into erythromyeloid and lymphocyte lineages. Erythroid and myeloid progenitor
activities were found in vitro in the c-KitIIb cell populations from both origins. On the other hand, a T cell
developmental potential has never been considered for c-KitIIb progenitors, except in the avian model. Using organ
cultures of embryonic thymus followed by grafting into athymic nude recipients, we demonstrate herein that populations
from murine fetal liver and adult bone marrow contain T lymphocyte progenitors. Migration and maturation of T cells
occurred, as shown by the development of both CD4CD8 and CD4CD8 peripheral T cells. Multilineage differentiation,
including the B lymphoid lineage, of c-KitIIb progenitor cells was also shown in vivo in an assay using lethally irradiated
congenic recipients. Taken together, these data demonstrate that murine c-KitIIb progenitor cells have several lineage
potentialities since erythroid, myeloid, and lymphoid lineages can be generated. © 2002 Elsevier Science (USA)
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progenitors.INTRODUCTION
The IIb molecule (GPIIb or CD41) associates with 3
(GPIIIa or CD61) to form a complex, the integrin IIb3,
that labels the megakaryocytic (Mk)2 differentiation path-
way. It has been extensively studied for its fundamental
role in the function of Mk, mediating cell-substratum
adhesion and platelet aggregation (Naik and Parise, 1997).
Although IIb is expressed by cells of the Mk lineage
throughout its differentiation, there has been some evi-
dence suggesting that it is also expressed by other hemo-
poietic progenitor cells. In mice, by using antibody inhibi-
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2 Abbreviations used: BM, adult bone marrow; En, n days of
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All rights reserved.tion assays, Berridge et al. (1985) reported the expression of
this integrin on myeloid progenitors and also CFU-S from
bone marrow (BM). By means of a conditional knock out,
mice have been generated in which a thymidine kinase gene
was placed under the control of the IIb promoter. Upon
ganciclovir administration, all thymidine kinase-expressing
cells were eradicated. These transgenic animals suffered
from thrombocytopenia and the growth of BM myeloid and
erythroid progenitors as well as mixed progenitors (CFU-
Mix) was dramatically reduced (Tronik-Leroux et al., 1995;
Tropel et al., 1996). In humans, different types of hemopoi-
etic progenitors, including CFU-Mix, were found in BM and
cord blood, within the IIb-positive cell population (Fraser
et al., 1986; Murray et al., 1996).
Studies on lineage commitment other than Mk progeni-
tors (Debili et al., 1992) have mostly been restricted to
erythromyeloid lineages. We demonstrated in the avian
model that IIb is expressed on embryonic and adult BM
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progenitors not only of the erythromyeloid lineages but also
of the T lymphoid lineage (Ody et al., 1999). The expression
of IIb by lymphoid progenitor cells was then shown in
human cord blood (Debili et al., 2001).
In this report, we investigated whether this molecule was
expressed at sites of hemopoietic stem cell (HSC) emer-
gence during murine ontogeny. It is well established that
HSC are found in several sites, including the yolk sac (YS),
the umbilical and vitelline arteries, the paraaortic splanch-
nopleura, the aorta/genital ridges/mesonephros (AGM), and
the fetal liver (FL), with the latter remaining the predomi-
nant hemopoietic site throughout fetal life (Moore and
Metcalf, 1970; Cumano et al., 1996; Medvinsky and Dzier-
zak, 1996; Yoder et al., 1997; de Bruijn et al., 2000).
Concerning the functional expression of the IIb molecule,
the murine FL cells have not yet been studied.
The c-Kit tyrosine kinase receptor protein is expressed on
HSC and progenitor cells but not on more differentiated
cells in the murine fetus and adult (Ikuta and Weissman,
1992; Zeigler et al., 1994; Sanchez et al., 1996). Therefore,
we examined IIb expression on c-Kit-positive cells from
murine embryonic FL and adult BM in order to characterize
their hemopoietic potential. In vitro clonogenic assays were
used to investigate the expression of IIb by myeloid and
erythroid progenitors. T cell differentiation of hemopoietic
progenitors expressing c-Kit and IIb was studied both
intrathymically and at the periphery. To study the thymic
homing and differentiation ability of c-Kit- and IIb-
expressing cells, we used uncolonized thymic rudiments. In
the mouse embryo, the third pharyngeal pouch contains the
presumptive thymic epithelial rudiment, which at embry-
onic day 10 (E10) is still devoid of HSC, with the first
colonization by HSC occurring during E11 (Jotereau et al.,
1987; Fontaine-Perus et al., 1981; Owen and Ritter, 1969). It
was demonstrated that E10 thymic rudiments introduced
into a nude recipient are colonized by host HSC and that
the T cell compartment is restored (Salau¨n et al., 1990).
Based on these data, we combined both methods and
performed two-step experiments where sorted cells to be
assayed were cultured in vitro with thymic epithelial rudi-
ments before being grafted into a nude recipient to pursue
their differentiation in vivo. Moreover, the migratory and
homing potentialities of these developing T lymphocytes to
peripheral organs, i.e., the spleen and lymph nodes, was
analyzed in vivo.
To measure the HSC activity, the c-KitIIb cell popu-
lation was assayed by using a competitive repopulation
assay by transfer into lethally irradiated mice.
MATERIALS AND METHODS
Mice
Male and female C57BL/6 B.A (B6-Thy-1.1-Ly-5.2), C57BL/6
nu/nu (Thy-1.2), and BALB/c (Thy-1.2) mice were bred in our
animal care facilities. Mice congenic for the Ly-5 locus (B6-Ly-5.1)
were purchased from the Centre National de la Recherche Scien-
tifique, CDTA (Orle´ans, France). The day on which the vaginal plug
was detected was defined as day 0 of gestation (E0).
Immunohistochemistry
Embryos were fixed in 4% (w/v) paraformaldehyde, embedded in
gelatin-sucrose, and frozen in isopentane at 70°C, and sections
were done. Antibody staining and immunoperoxidase [horseradish
peroxidase (HRP)] tissue analysis were performed on 15-m cryo-
stat sections as previously described (Corbel et al., 1990). A rabbit
polyclonal anti-mouse K5701 (anti-IIb3 complex) was provided
by B. Steiner (Hoffmann La Roche, Basel, Switzerland) and used
with a goat anti-rabbit Ig conjugated with HRP (Southern Biotech-
nology Associates, Clinisciences, France). The biotin-labeled LCA
mAb (anti-CD45; PharMingen, San Diego, CA) was used with a
streptavidin HRP (NEN Life Science Products, Boston, MA).
Preparation of Cell Suspensions
BM cells from 8-week-old mice were flushed with a 25-gauge
needle. FL from 13- and 14-day-old embryos (E13 and E14, respec-
tively), spleen, and lymph node cell suspensions from experimental
animals were prepared by teasing the organs on a 200 mesh
stainless steel screen. Cell suspensions of the grafted thymus were
made by using a 40-m nylon sieve. The cells were washed and
resuspended in alpha medium (Gibco/BRL) with 3% fetal calf
serum (FCS) at 4°C.
Antibodies for Immunocytological Staining
FITC-labeled mAb MW Reg 30 (anti-CD41, -integrin IIb chain),
FITC-labeled mAb RA3–6B2 (anti-CD45R/B220), FITC-labeled
mAb RB6–8C5 (anti-Gr-1), FITC-labeled mAb M1/70 (anti-Mac-1),
FITC-labeled mAb 30H12 (anti-Thy-1.2), FITC-labeled mAb
RM4–5 (anti-CD4), FITC- or PE-labeled mAb 53–6.7 (anti-CD8a),
FITC-labeled mAb 145–2C11 (anti-CD3e), PE-labeled mAb OX-7
(anti-Thy-1.1), FITC-labeled mAb IM7 (anti-CD44), PE-labeled
mAb A20–1.7 (anti-Ly-5.1), PE-labeled mAb ACK45 (anti-c-Kit),
biotin-labeled mAb 7D4 (anti-CD25), and PE-streptavidin were
purchased from PharMingen (San Diego, CA). A rabbit polyclonal
anti-mouse K5701 (anti-IIb3 complex) was used with a goat
anti-rabbit Ig conjugated with FITC (Southern Biotechnology As-
sociates, Clinisciences, France).
FACS Analysis and Cell Sorting
Cells were incubated with mAbs for 30 min at room temperature
and washed in FCS-containing medium. For polyclonal antibodies,
cells were incubated for an additional 30 min with goat anti-rabbit
Ig conjugated with FITC (Southern Biotechnology Associates) and
washed twice. In some experiments, BM cells reacting to anti-Mac,
anti-Gr-1, anti-B220, anti-CD4, and anti-CD8 were removed by
depletion with immunomagnetic beads (LD MidiMACS, Miltenyi
Biotec, France), following the manufacturer’s guidelines. Lineage
(Lin) BM cells were sorted for purification (100% of purity on
reanalysis of the sorted population), prior to being double stained
with anti-c-Kit- and anti-IIb-conjugated mAbs. A second cell
sorting was then performed to obtain Lin c-KitIIb cells. Cells
were resuspended at 5  106/ml and filtered through a nylon tissue
before analysis and sorting on a FACS Star (Becton Dickinson).
The purity of the sorted population was about 97%. After sorting,
cells were collected in tubes containing 5% BSA.
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In Vitro Colony Assays
Myeloid and erythroid progenitor cells were detected by their
colony-forming ability in semisolid cultures. FL and BM cells were
seeded in 1 ml Iscove’s medium containing methylcellulose me-
dium with recombinant cytokines. Myeloid colony-forming cells
(CFU) giving rise to macrophage (M), granulocytic (G), and
granulocytic/macrophage (GM) colonies were developed in
Methocult 3534 (1% methylcellulose, 15% FBS, 1% BSA, 2 mM
L-glutamine, 100 M 2-ME, 10 g/ml bovine pancreatic insulin,
200 g/ml human transferrin, 10 ng/ml IL-3, 10 ng/ml IL-6, and 50
ng/ml SCF; Stem Cell Technologies, Vancouver, Canada). Ery-
throid progenitor cells (BFU-E) and CFU-Mix, which give rise to
erythroid and mixed colonies, respectively, differentiate in
Methocult 3434 by adding 3 U/ml mouse recombinant erythropoi-
etin (Sigma). Mixed colonies are colonies with an erythroid com-
ponent plus at least two more lineages. Morphological and quanti-
tative examination of the cultures was done with a Nikon
Microphot-FXA microscope after incubation at 37°C with 5% CO2
in air. Colonies (40 cells) were differentially scored at days 7–9,
allowing for the identification of CFU-G, -M, -GM, and BFU-E.
Mixed colonies were scored at days 9–12.
T Cell Progenitor Assay
T lymphocyte differentiation potential of progenitor cells was
studied according to a two-step method based on in vitro and in
vivo assays.
Embryonic thymic organ cultures. BALB/c (Thy-1.2) E10 thy-
mic rudiments, composed of the endoderm of the third pharyngeal
pouch, the peripheral ectoderm, and the branchial arch mesen-
chyme, were dissected out as previously described (Fontaine-Pe´rus
et al., 1981). They were placed in organ cultures on a sterile filter
(Millipore; 0.45 m pore size) at the surface of a steel grid. The
culture medium was RPMI (Gibco/BRL) with 15% FCS. A 10-l
cell suspension of sorted BM or FL cells [5–12  103 from donor
animals C57BL/6 B.A (Thy-1.1)] was deposited on top of thymic
anlage by using a micropipette. We chose to use strains of mice
expressing different Thy-1 allelic forms, in order to ascertain that
the Thy-1.1 cells had differentiated from the donor HSC strain.
Thymic chimeras. Nine to 17 days later, the thymic cultures
were harvested and grafted under the skin of the neck of 2-week-old
C57BL/6 nude mice (Thy-1.2) according to a method previously
described (Salau¨n et al., 1990). Three to four weeks later, the mice
were sacrificed and cells from the grafted thymic lobes, as well as
from the host spleen and lymph nodes, were isolated. The presence
of donor-type cells was investigated by immunofluorescence with
a mAb directed against the Thy-1.1 antigen. The T cell identity of
these cells was confirmed by CD4 and CD8 staining.
In Vivo Competitive Repopulation Assay
For reconstitution assays, congenic mice which differed only at
the Ly-5 allele were used. B6-Ly-5.2 mice were lethally irradiated at
a dose of 9 Gy. Sorted bone marrow cells of B6-Ly-5.1 mice were
mixed with 2  105 B6-Ly-5.2 bone marrow cells as competitor
cells to ensure the survival of the recipient. They were injected, in
a final volume of 0.1 ml PBS, into the irradiated recipients which
were maintained on oral aqueous antibiotics (neomycin sulfate, 2
mg/ml) for 1 month after the delivery of radiation. Peripheral blood
cells (PBL) of the recipients were obtained by retroorbital bleeding
under anesthesia 1.5, 2, 4, or 6 months after transplantation. Red
blood cells were depleted, and nucleated cells were used for flow
cytometric analysis of donor-derived cells by staining with PE-
conjugated anti-Ly-5.1 antibodies. The cells were simultaneously
stained with FITC-conjugated anti-B220, a mixture of FITC-
conjugated anti-CD4 and -CD8 antibodies, FITC-conjugated anti-
Gr-1 antibodies, or FITC-conjugated anti-Mac-1 antibodies. At
sacrifice, different hemopoietic organs (BM, thymus, and spleen)
were also analyzed for donor-type myeloid and lymphoid cells. The
recipients mice were considered to be multilineage repopulated
when 1.0% of all the nucleated cells were Ly-5.1 and when all
lineages (myeloid and lymphoid lineages) differentiated (Harrison
et al., 1993; Rebel et al., 1996).
RESULTS
IIb Expression during Embryonic Development
IIb expression was analyzed by in situ immunohisto-
chemistry on mouse embryos from E10 to E13.5.
IIb-positive cells were found in the blood circulation,
albeit in very small numbers. In the embryo proper at E10
(Figs. 1A–1D), IIb was expressed in the clusters of hemo-
poietic cells associated with the wall of arteries, dorsal
aorta, and umbilical arteries, and in the blood islands of the
YS (Figs. 1E and 1F). Some clusters of IIb-positive cells
were also found in the mesentery of the gut (Fig. 1A) in the
same location as the mesenteric foci described as hemo-
genic sites by Garcia-Porrero et al. (1995). The intraarterial
aggregates are similar to the intraaortic clusters, which
were demonstrated to be the sites of HSC emergence in the
avian embryo (Dieterlen-Lie`vre and Martin, 1981) and more
recently in other species. The intraarterial clusters ex-
pressed both IIb and CD45 as we previously showed for
chick intraaortic clusters (Ody et al., 1999) but with differ-
ent antigenic intensity as shown in Figs. 1B and 1C. It
should be noticed also that IIb-positive cells were seen
budding not only into the lumen but also into the arterial
wall (Fig. 1D). The positioning of these cells is similar to
that of chicken embryo CD45 intraaortic positive cells.
Together with lineage-tracing experiments, this observa-
tion led to the hypothesis that hemopoietic cell clusters
derive from aortic endothelial cells (Jaffredo et al., 1998).
YS vessels and blood islands also contained a few IIb-
positive cells (Figs. 1E and 1F). It is well known that YS
contains erythroid and myeloid progenitors (Moore and
Metcalf, 1970), and recently, Xu et al. (2001) have shown
that Mk progenitors and Mk are also present in the YS. In
the FL, numerous IIb-positive cells were found as soon as
it became hemopoietic (Figs. 2A and 2B). Indeed, FL colo-
nization by circulating HSC occurs at E10, during the 28-to
32-somite stages (Houssaint, 1981). Thereafter, positive
cells were abundant as illustrated at E11.5 (Fig. 2C). In
E13.5 FL sections, most of the IIb-positive cells exhibited
cytologic features of Mk, as illustrated in Fig. 2D.
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c-Kit and IIb Expression by Murine FL and
BM Cells
A polyclonal antibody recognizing the IIb3 complex,
used for the expression pattern, was also used for FACS
analysis. The percentages of positive cells obtained upon
staining with either this polyclonal antibody or a mAb
against the IIb chain were similar. Therefore, the mAb
against the IIb chain was thus used on cell suspensions for
studying its expression by murine E13 FL and BM cell
populations, and the analysis was done by FACS. Following
double staining for IIb and c-Kit, three populations were
identified in both tissues. In E13 FL, c-KitIIb cells
represented 1.2  0.6% of nucleated cells. c-KitIIb and
c-KitIIb cell populations represented 0.8  0.3% and
9.5  3.7%, respectively (Fig. 3A). In BM, the percentage of
double-positive cells was similar to that in FL, i.e., 0.9 0.3%,
while c-KitIIb cells represented 2.8  1.4%. c-KitIIb
cells were more numerous with 5.4  1.3% (Fig. 3B).
Erythromyeloid Progenitor Activity in c-KitIIb
FL Cell Population
To determine the erythromyeloid progenitor activity of
the two c-Kit-positive populations defined by IIb expres-
sion, populations 1 and 2 were isolated (Fig. 3A). They were
FIG. 1. IIb staining of cross sections from E10 mouse embryos. (A) Truncal transverse section showing IIb-positive clusters polarized
on the floor of the dorsal aorta (arrowhead) and on one of the umbilical arteries (arrow). Rare IIb-positive cells are found in the vessels and
also in the dorsal mesentery of the gut. (B) Umbilical artery, showing IIb-positive clusters (arrows). (C) Umbilical artery from a consecutive
section of (B), showing CD45low clusters (arrows). (D) Umbilical artery with a IIb-positive cluster that appears to be emerging from the
endothelium (arrow). Some IIb-positive cells are present in the lumen of the vessel (arrowhead). (E, F) YS showing IIb expression by cells
within the lumen of a flat vessel (E) and a blood island (F). Ao, aorta; C, coelomic cavity; G, gut; e, endothelium; UA, umbilical artery.
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cultured in methylcellulose colony assays. c-KitIIb cells
(population 2 from Fig. 3A) were shown to contain myeloid
progenitors, i.e., CFU-G, -M, and -GM, erythroid progeni-
tors, BFU-E, and mixed progenitors, CFU-Mix (Fig. 4). The
number of myeloid progenitors was higher than that ob-
tained with c-KitIIb cells (population 1 from Fig. 3A).
Altogether, these results show that both erythroid and
myeloid and even mixed progenitors can differentiate from
E13 FL c-KitIIb cells.
Erythromyeloid Progenitor Activity in c-KitIIb
BM Cell Population
c-Kit-positive BM cells were fractionated by means of the
integrin IIb chain expression. The c-KitIIb cell popula-
tion contained myeloid and erythroid progenitors, i.e.,
FIG. 2. IIb expression during early steps of FL hemopoiesis. (A) Truncal cross section through an E10.5 embryo showing the hepatic
primordium (boxed-in area) which harbors numerous IIb-expressing cells. A few positive cells are seen in the vessels. (B) Higher
magnification of the boxed-in area in (A). (C) E11.5 transverse section showing the liver-specific localization of IIb-positive cells. (D) IIb
expression by a polynucleated cell, i.e., a Mk, observed in E13.5 liver. Ao, aorta; H, heart; Hp, hepatic primordium; L, liver; NT, neural tube.
FIG. 3. FACS analysis of E13 FL (A) and BM (B) cells double
stained with anti-c-Kit and anti-IIb mAbs. Three populations,
c-KitIIb (1), c-KitIIb (2), and c-KitIIb (3), were sorted for
functional analysis. Sorting gates are indicated by the boxes (1–3).
FIG. 4. Differentiation of erythroid–myeloid progenitor cells from
c-KitIIb E13 FL cell population. One thousand cells from sorted
populations (1 and 2, shown in Fig. 3A) were cultured. The results
are the means of the colony number obtained in two separate
experiments performed in duplicate cultures.
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CFU-G, -M, -GM, BFU-E, and CFU-Mix, to the same extent
as the c-KitIIb cell population (Table 1). Another anti-
body, a rabbit polyclonal anti-mouse IIb3 antibody, was
also used, and a comparative study was performed. The
c-KitIIb subset isolated by means of the antibody
against the complex represented 1–1.5% of total nucleated
cells. Thus, after staining for both antigens, the percentage
of c-KitIIb cells was similar and the erythroid and
myeloid differentiation potential of the sorted cells was
identical (Table 1). As a control, the c-KitIIb cells
(population 3 shown in Fig. 3B) were sorted and their
potentiality was tested. No erythroid and myeloid colonies
developed (data not shown).
These results showed that murine erythroid and myeloid
progenitors can differentiate from the IIb- and c-Kit-
positive cell population from adult BM.
T Lymphoid Progenitor Activity in c-KitIIb
Cell Population
The next characterization of c-KitIIb cell develop-
mental potential consisted of assaying their ability to
differentiate into T lymphocytes. Experiments were per-
formed with the aim of seeding HSC into organ-cultured,
purely epithelial thymic rudiments, allowing their prolif-
eration and differentiation in vitro, and finally following T
cell peripheralization after the cultured thymus had been
grafted into nude mice. Differences in Thy-1 alleles allowed
the distinction between donor cells (Thy-1.1) and nude
recipient-derived cells (Thy-1.2).
Instead of using 2-deoxyguanosine-depleted thymic rudi-
ments (E13–E14), we used uncolonized E10 thymic rudi-
ments in order to evaluate the homing capacity of
c-KitIIb cells in a pure epithelial thymic anlage. This
assay for T cell progenitors is based on a method previously
described by Fontaine-Perus et al. (1981), where uncolo-
nized thymic primordia were cocultured with an HSC-
containing hemopoietic organ. In such conditions, the E10
thymic epithelium environment was able to support thy-
mic lymphocyte proliferation and differentiation. Herein,
instead of a donor organ, we used sorted hemopoietic cells,
namely c-KitIIb cells.
To enrich precursor cells, the BM cell suspension was
first depleted (immunomagnetic bead depletion) of the
more mature stages of different lineages with antibodies to
lineage-specific differentiation antigens (Lin). The antibod-
ies were anti-B220 for B cells, anti-CD4 and anti-CD8 for T
cells, and anti-GR1 and anti-Mac-1 for myeloid cells. The
Lin BM cells were then stained with anti-c-Kit and -IIb
mAbs. The Linc-KitIIb sorted cells were cocultured
with E10 thymic rudiments for 17 days. Donor-type Thy-
1.1 cells developed that did not express CD3, CD4, and
CD8; the majority were CD25 (approximately 80%), and a
subset of them expressed CD44 (approximately 17%; Fig.
5A). This indicates that the most immature thymocytes
CD3CD4CD8CD25 and/or CD44 (Rodewald and Feh-
ling, 1998) differentiated from Linc-KitIIb BM cells in
FIG. 5. Differentiation of T cell progenitor cells from c-KitIIb
adult BM cell population. (A) Phenotypic analysis of thymic
lymphoid precursors which developed in vitro. A total of 12  103
Linc-KitIIb cells from C57BL/6 B.A (Thy-1.1) mice were organ-
cultured on E10 BALB/c (Thy-1.2) thymic rudiments during 17
days. Donor Thy-1.1 cells were double stained for either CD25 or
CD44 expression. (B) FACS analysis of developing T cells in the
grafted thymus of one chimera. A total of 5  103 sorted cells were
organ-cultured as described in (A). Then the culture was s.c. grafted
onto C57BL/6 (Thy-1.2) nude mice for 19 days. Donor Thy-1.1
cells were double stained for either CD8 or CD4 expression.
TABLE 1
Number of Erythromyeloid Progenitor Cells Developing from
IIb-Positive BM Cells Expressing c-Kit
Sorted
cells
Anti-IIb
used
Colony number/1000 cells
CFU-G, -M, -GM BFU-E CFU-Mix
c-KitIIb IIba 18 (36) 2.5 1.5
IIb3b 16 (33) 2 2.5
c-KitIIb IIb 18 (54) 3.5 1.5
IIb3 22 (ND) 1.5 3.5
Note. A total of 1000 cells from sorted populations (1 and 2,
shown in Fig. 3B) was cultured. The results are the means of the
colony number developed in duplicate cultures from one represen-
tative experiment, among four performed. Number in brackets
represents the colonies developed in myeloid conditions without
erythropoietin. No colony developed from 6000 c-KitIIb cells
(population 3, shown in Fig. 3B).
a Anti-IIb chain mAb.
b Anti-IIb3 complex polyclonal antibody.
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this early thymic microenvironment. However, further
differentiation and maturation of the T cell lineage might
require other signals provided by growth factors and adhe-
sion molecules. Therefore, a second step of differentiation
was performed in vivo.
In a representative experiment shown in Fig. 5B, the in
vitro colonized thymus was analyzed upon 19 days in vivo.
Donor-type Thy-1.1 cells developed and acquired CD8
(25%) and CD4 (38%). Lymph node and spleen cells were
also analyzed, but no donor-type Thy-1.1 cells were found.
In these experimental conditions, the c-KitIIb cell
fraction was able to colonize the thymic epithelium and
give rise to CD4 and CD8 thymocytes.
The ability of c-KitIIb cells from FL to differentiate
into T lymphocytes was also studied. Donor-type T cells
developed from these cells sorted from E13 FL, as shown in
Fig. 3A. One of the positive experiments is represented in
Fig. 6.
Colonized thymic lobes were analyzed after 9 days in
vitro and 27 days in vivo. Approximately 15% of donor-type
Thy-1.1 cells developed and acquired CD8 (5%) and CD4
(10%). Thy-1.2 derived from host progenitors also devel-
oped and represented the Thy-1.1CD8 and Thy-
1.1CD4 thymocytes (49 and 47%, respectively) (Fig. 6A).
It is well known that circulating HSC are present in nude
mice, enter thymic grafts (uncolonized E10 or colonized
thymus), and differentiate there (Le Douarin et al., 1989). By
grafting E14 thymus into nude mice, it has been shown that
donor T cells were replaced by host-derived T cells approxi-
mately 3 weeks after transplantation (Thomas-Vaslin et al.,
1997). In the present work, where E10 thymic rudiments
were colonized in vitro by sorted hemopoietic cells, we
observed that the explants were still attractive for host HSC
after 11 days of in vitro culture. These host T lymphocytes
were found 3–4 weeks after grafting.
We then investigated whether donor-type thymocytes
had migrated to the periphery. As shown in Fig. 6B, donor T
lymphocytes migrated in the spleen and in the lymph nodes
where 4 and 12% Thy-1.1 cells were found, respectively.
The majority of donor-type cells were CD4, and these cells
were single-positive lymphocytes. Therefore, after 3 weeks,
donor-derived T cells had matured sufficiently to be ex-
ported from the grafted thymus.
Together, these results demonstrate that c-Kit progeni-
tor cells expressing IIb are able to differentiate into T
lymphocytes that can migrate and expand in the secondary
lymphoid organs.
FIG. 6. T cell differentiation from c-KitIIb E13 FL cells. (A)
Intrathymic T lymphocytes which have differentiated in vitro and
in vivo from c-KitIIb E13 FL cells. FACS analysis of developing
T cells in the grafted thymus of one representative chimera. A total
of 6  103 c-KitIIb cells from C57BL/6 B.A (Thy-1.1) mice were
organ-cultured on E10 BALB/c (Thy-1.2) thymic rudiments during
9 days, which were s.c. grafted onto C57BL6 (Thy-1.2) nude mice
for 3 weeks. Donor Thy-1.1 cells and recipient Thy-1.2 cells were
quantified (upper part). Double staining of Thy-1.1 cells for either
CD8 or CD4 expression is shown on the lower part of the figure. (B)
Peripherization of T lymphocytes which have differentiated in
vitro and in vivo from c-KitIIb E13 FL cells. FACS analysis of
developing T cells in the spleen and the lymph nodes of the same
chimera. Cells were double stained for donor Thy-1.1 and either
CD4 or CD8.
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Potentialities of c-KitIIb Adult BM Cells
Transplanted into Irradiated Mice
We next tested the ability of c-KitIIb adult BM cells to
long-term repopulate irradiated host and to self-renew.
Competitive reconstitution assay was performed by trans-
plantation of sorted cells into lethally irradiated adult
recipients. In 2 experiments, 10 mice were injected with
either 1000 or 7500 c-KitIIb cells, and the donor-type
PBL were quantified by FACS analysis at 6 or 8, 16 or 32
weeks posttransplantation. As shown in Fig. 7, 1000
c-KitIIb cells resulted in engraftment of 6 out of 10
recipients after 8 and 16 weeks, and 4 mice after 32 weeks,
using the definition of a positive recipient as a recipient
with more than 1% donor-type Ly-5.1. Eight out of 10 mice
transplanted with 7500 c-KitIIb cells had Ly-5.1 PBL
derived from this population after 6 weeks. At 16 and 32
weeks, seven mice remained positive. The percentage of
donor Ly-5.1 was, however, very low, and the level of donor
contribution decreased with time, except in one case. This
indicates that c-KitIIb cells have short-term hemopoi-
etic activities.
Multilineage differentiation was determined by FACS
analysis from hemopoietic organs of engrafted recipient at 6
months posttransplantation. The percentage of donor-type
Ly-5.1 peripheral blood and splenic T and B lymphocytes,
granulocytes, and macrophages is given in Table 2. A few or
no Ly-5.1 cells from thymus and BM were detected, except
for one case. In this chimera, donor-type cells represented
61.5 and 58.6% in peripheral blood and spleen, respectively,
after 6 months posttransplantation. In this mouse, which
has the highest percentage of donor-type cells at the periph-
ery, 63.3 and 30.0% were obtained from thymus and BM,
respectively. Transfer of donor-type BM cells from this
mouse into a secondary recipient has been performed, but
no donor-type cells were detected after 6 months. The
studied cell population was thus deprived of long-term
reconstitution ability.
Thus, all mice that showed engraftment with 1000 or
7500 transplanted BM c-KitIIb cells contained donor-
type cells of multiple lineages, consisting of both myeloid
and lymphoid cells. This confirms that myeloid and T
lymphoid progenitors express c-kit and IIb and demon-
strates that c-KitIIb cells also have the ability to differ-
entiate into the B lymphoid lineage.
DISCUSSION
During ontogeny, HSC production starts in two sites: an
extraembryonic site, the YS, and an intraembryonic site,
the region of the paraaortic splanchnopleura, later to be-FIG. 7. Percentages of donor-derived PBL in individual mice at
different time post-transplantation. The mice have been trans-
planted with 1 103 (A) or 7.5  103 (B) c-KitIIb BM cells of
Ly-5.1 mice together with 2  105 Ly-5.2 BM cells.
TABLE 2
In Vivo Multilineage Potentialities of c-KitIIb BM Cells
c-KitIIb
cell number
Percent donor-type Ly-5.1
PBL Splenic cells
G  M T B G  M T B
1  103 (A) 0.5 0.6 1.4 1.5 1.4 3.0
1.6 0.2 1.5 2.0 1.3 2.2
1.6 2.9 1.8 8.0 2.8 7.6
2.9 5.5 4.0 6.4 6.0 6.0
7.5  103 (B) 2.1 4.9 2.5 2.7 5.0 3.1
ND ND ND 3.5 3.9 3.2
0.6 0.3 0.5 0.3 0.6 1.1
1.8 1.0 1.9 2.1 2.0 4.4
0.6 1.1 0.9 3.1 2.1 6.5
1.0 1.5 0.8 1.6 2.2 1.9
8.9 15.4 37.9 10.6 12.2 38.6
Note. Mice have been transplanted with c-KitIIb cells as in
Fig. 7. Numbers indicate the percentage of donor-type cells among
the total population, for each lineage, at 6 months posttransplan-
tation. PBL and splenic cells were stained with anti-Ly-5.1 and
either anti-Gr-1 and Mac-1, anti-CD4 and anti-CD8, or anti-B220.
G  M, Granulocytes and/or macrophages; T, T lymphocytes; B, B
lymphocytes.
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come the AGM region (Moore and Metcalf, 1970; Cumano
et al., 1996; Medvinsky and Dzierzak, 1996). Thereafter,
during fetal life, hemopoiesis occurs in the liver after day 10
of gestation, and the FL remains the major hemopoietic
organ until birth when BM assumes this role. Studies
performed initially in the chicken (Dieterlen-Lie`vre and
Martin, 1981) and subsequently in mammals (Garcia-
Porrero et al., 1995; Tavian et al., 1996) showed that the
aorta is the site where HSC emerge. Clusters of cells
expressing hematopoietic markers are associated with the
ventral endothelium of the aorta and the vitelline and
umbilical arteries (Wood et al., 1997; Garcia-Porrero et al.,
1998; Labastie et al., 1998; North et al., 1999; de Bruijn et
al., 2000). In vivo labeling in birds suggested that aorta-
associated hematopoietic cells derive from endothelial cells
(Jaffredo et al., 1998). In this species, we demonstrated that
aortic clusters express a molecule which specifies cells of
the Mk lineage, the integrin IIb3 (Ody et al., 1999).
Blastoderm-derived cells transformed by the avian myb-ets
retrovirus E26 expressed different thrombocytic markers,
including IIb3, while having the ability to differentiate
into several myeloid/erythroid lineages (Frampton et al.,
1995).
Both the migration of HSC during embryogenesis and the
retention of HSC in their environment are controlled by
adhesion receptors, including integrins. Integrins are het-
erodimeric transmembrane molecules consisting of an 
and a  subunit that mediate adhesion, migration, survival,
and differentiation of cells (Hynes, 1992). Hemopoietic
progenitors express several integrin genes which change
along the hemopoietic developmental hierarchy (Voura et
al., 1997).
The early pattern of IIb3 expression during develop-
ment of the murine hemopoietic system was determined in
the mouse embryo by using a specific polyclonal antibody
in tissue sections. We found that hemopoietic clusters of
the umbilical arteries and the dorsal aorta at the midgesta-
tion express the integrin IIb3. Since these clusters are
sites of HSC emergence, these results suggest that the
integrin IIb3 is expressed by the first hemopoietic pro-
genitor cells as they arise in the mouse embryo.
The expression of this molecule by hemopoietic progeni-
tors other than those specific for the Mk lineage, long
hypothetical, was recently demonstrated by us in the chick.
We showed that erythroid, myeloid, and T cell progenitors
are present within the BM population expressing both c-Kit
and integrin IIb3 (Ody et al., 1999). It appeared interest-
ing to extend this analysis to mammals, i.e., mice, and also
to look for these cells in another hemopoietic organ, the FL.
We identified and isolated progenitors from FL and BM
since both are the source of precursors immigrating into the
fetal thymus. The phenotypic changes that occur during
intrathymic maturation are well known, but the phenotype
of migrant thymic stem cells has been less studied (Suriana
et al., 1999). c-KitIIb cells were investigated for their
ability to seed thymic rudiments isolated from early em-
bryos. When sorted cells were organ cultured together with
E10 thymic rudiments, we showed that donor cells gener-
ated Thy-1 and CD25 cells, but failed to develop into
CD4 and CD8 cells. This might be due to a defect in
stromal components due to the insufficient organogenesis
at E10 as it was shown for E12 thymus (Amagai et al., 1995).
Using a T progenitor assay based on in vitro culture and
in vivo graft, we have identified a c-KitIIb progenitor
population which has the ability to differentiate into thy-
mocytes. In E13 FL, this subpopulation, which represents
1–2% as in BM, has the capacity first to seed and populate
an uncolonized E10 epithelial thymic rudiment in vitro,
secondly to expand and develop in vivo into athymic nude
host, along the T lineage pathway, acquiring Thy-1, CD4,
and CD8 intrathymically. These developing T lymphocytes
are able to migrate to the periphery.
Adult BM c-KitIIb cells injected into lethally irradi-
ated recipients are able to generate T lymphocytes which
migrate to the periphery. Under these in vivo conditions, all
lineages, myeloid and lymphoid (B and T), differentiate.
Therefore, c-KitIIb cells have a multilineage progenitor
ability. However, despite the use of a competitive reconsti-
tution assay to measure HSC activity, in the majority of
cases, the donor cells were engrafted but were not able to
highly repopulate the recipients. Moreover, the recipient
BM populations were deficient in donor-type cells. There-
fore c-KitIIb cells from adult BM do not fulfill the
criteria of HSC, i.e., the ability to both self-renew and
differentiate to give rise to the various types of mature
hemopoietic cells (Weissman, 2000). It remains to be stud-
ied whether a differential potential of primitive HSC corre-
sponds to developmental stage (i.e., fetal vs. adult). Indeed,
ontogenic biological differences of IIb cells were observed
between human neonatal and adult blood cells (Debili et
al., 2001). Current work in progress is aimed at investigat-
ing the long-term ability of c-KitIIb cells from FL to
repopulate irradiated hosts.
Together, we demonstrate herein that the potential of
murine progenitor cells expressing IIb is not restricted to
the Mk lineage; these cells are rather multilineage progeni-
tors as we showed in birds (Ody et al., 1999). Moreover, we
show for the first time that the murine IIb-positive cells
also express c-Kit, which is a feature of multipotent HSC
(Ogawa et al., 1991).
It has been shown that the c-Kit E13 FL cells express
various adhesion molecules such as CD44, VLA-4, LFA-1,
and ICAM-1 (Wada et al., 1996), but their role in commit-
ment or differentiation of progenitors is not known. Using
an in vivo murine BM transplantation model, the contribu-
tion of different adhesion molecules, i.e., CD49e, CD49d,
CD43, CD11a, and CD62L, to the homing and long-term
engraftment potential of HSC was recently investigated
(Orschell-Traycoff et al., 2000). Recently, Potocnik et al.
(2000) have shown that 1 integrin is an essential adhesion
molecule for the homing of HSC to fetal and adult hema-
topoietic tissues. Analysis of 4-null mutant and chimeric
mice during embryonic development has shown that 4
integrins are essential for the maintenance of efficient
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development of multilineage progenitors in the FL, BM, and
spleen microenvironment (Arroyo et al., 1999).
The IIb3 integrin recognizes at least four different
adhesive proteins: fibrinogen, fibronectin, von Willebrand
factor, and vitronectin (Naik and Parise, 1997). IIb3-
expressing progenitor cells in intraarterial clusters, FL and
BM could bind and adhere to these extracellular matrix
molecules. However, the role of this integrin in homing,
migration, and differentiation of hemopoietic progenitors
remains to be determined.
Our study shows that c-KitIIb progenitors are either
multipotent or committed to the myeloid or lymphoid
pathways. The question as to whether more restricted
progenitors and multipotent HSC capable of generating
lymphoid and myeloid cells both express the two markers
remains to be addressed. IIb integrin is expressed by the
characteristic hemopoietic clusters associated with the
wall of the main arteries, where the first adult HSC arise as
described in different species (Ciau-Uitz et al., 2000, and
references quoted therein). The fact that IIb cells are
already present at early embryonic stages at sites of HSC
emergence argues in favor of their multipotentiality.
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